Patients with hepatic cirrhosis may bleed into the gut not only from oesophageal varices, but also from a chronic peptic ulcer or erosive gastritis (Palmer and Brick, 1953) . It may thus be difficult to pinpoint the exact cause of gastrointestinal haemorrhage in patients with hepatic cirrhosis, especially as it is generally agreed that there is a high incidence of peptic ulcer in such patients. But the reported frequency of this association varies widely (Koide, Texter, and Borden, 1958) and most of the series have been reported from North America where cirrhosis is usually associated with alcoholism so that it is often not clear whether the important factor is the liver disease or the alcoholism. More recently it has been suggested that ulcers occur even more frequently following a portacaval anastomosis operation (Clarke, Ozeran, Hart, Gruze, and Crevling, 1958) . This has stimulated the re-investigation of the effects of such operations on gastric secretion in dogs and it has been confirmed that following such an operation the acid secretion from a Heidenhain pouch is greatly increased (Clarke et al., 1958) ; but the results of gastric secretory studies in patients with hepatic cirrhosis have been conflicting (Ostrow, Timmerman, and Gray, 1960; Clarke, Costarella, and Ward, 1959a; Bendett, Fritz, and Donaldson, 1963) .
It thus seemed desirable to try to establish whether there is an increased incidence of peptic ulcer in patients with hepatic cirrhosis not associated with alcoholism, for this form predominates in Great Britain. Furthermore, gastric secretion was studied 'Supported by Dowager Countess Peel Research Fund. in these patients to see if any alteration might give a clue as to the cause of the increased incidence of peptic ulcer which was found in the patients with liver disease. (Kay, 1953) (Atkinson and Henley, 1955) . The pH of the aspirated gastric contents was measured with a glass electrode and the acidity of the samples was estimated by titrating with N/100 sodium hydroxide to pH 7.
PATIENTS STUDIED AND METHODS

RESULTS
INCIDENCE OF PEPTIC ULCER The overall incidence of peptic ulcer in the 290 patients with portal cirrhosis was 1P3 % (Table I ). There was no difference in the incidence of peptic ulcer in those patients whose cirrhosis was or was not associated with alcoholism or who had had a portacaval shunt. Two patients included in the portacaval group had a duodenal ulcer before the operation, but are included so as not to give an unnecessary bias against the group. The normal preponderance of peptic ulcers in men was not seen in these patients with portal cirrhosis and the male to female ratio when corrected for the slight preponderance of men in the group was 09:1 for gastric ulcers and 1P1:1 for duodenal ulcers. The incidence was similar in the men above and below the age of 35 years, but in women over the age of 35 years there was a five-fold increase, the incidence being 14-9% (Table II) . The ratio of duodenal to gastric ulcer of 3-5:1 for men was similar to that of 2-8:1 for women. Peptic ulcer was extremely frequent in patients with primary biliary cirrhosis and was present in 11 of the 36 women and three of the six men with this disorder.
BASAL ACID SECRETION (FIG. 1) The normal subjects secreted up to 5 mEq./HCl/hr. and this range is comparable to that reported by Kay (1953) , Baron (1963) , and Grossman, Kirsner, and Gillespie (1963) . Two of the 12 patients with portal cirrhosis and seven of the 10 patients with a portacaval anastomosis had a raised basal acid secretion. All the 16 patients with primary biliary cirrhosis had a normal basal acid output.
MAXIMUM ACID OUTPUT (FIG. 2) The normal subjects produced up to 40 mEq./HCl/hr. under maximum histamine stimulation. This was comparable to the range reported by Kay (1953) , Bruce, Card, Marks, and Sircus (1959) , Bock, Richards, and Witts, (1963) , and Baron (1963) . Nearly all the patients with liver disease had a normal maximum secretion and only two of the patients with portal cirrhosis, two with primary biliary cirrhosis, and three of those who had had a portacaval anastomosis fell above this range: this includedthe threepatients with aduodenal ulcer. n in patients with liver disease 419 the day when gastric secretions were stimulated by food and at night when the stomach was empty.
EFFECT OF A PORTACAVAL ANASTOMOSIS OPERATION
Two patients were studied before and after operation. One had an established duodenal ulcer before the operation; this was associated with a high basal secretion of 7-2 mEq./HCl/hr. and a raised maximum histamine secretion of 70 2 mEq./hr. Neither level changed after the operation when they were 9 0 and 601 mEq./HCl/hr. respectively. However, before operation the basal acid output of a 15-year-old boy was 1-4 mEq./HCl/hr. and this rose to 7-2 mEq./HCl/ hr. after a portacaval anastomosis operation. The maximum acid output did not change, being 218 mEq./HCl/hr. before and 18 4 mEq./HCl/hr. afterwards.
EFFECT OF THE NEOMYCIN Oral neomycin (4 g. daily) had no effect on the abnormal gastric secretory pattern of one patient with a portacaval anastomosis.
DISCUSSION TWENTY-FOUR-HOURLY pH READING'
There was great variation between p the groups, but the patients with anastomosis had a more acid stomac (TABLE III) The clinical incidence of peptic ulcer varies in atients within different countries, and the best control study with a portacaval which to compare our results is that for the h both during general population of Great Britain quoted by Doll (1952) . With the small numbers of patients in our series, slight differences in incidence will clearly not be significant and in fact there is no definite 24 HOURS evidence of an increased incidence of peptic ulcer in % Readings below our male patients over the age of 34, for the incidence in the general population in that age group is nearly pH 2S5 pH 1 5 10% (Table II) (Doll, 1952) . The previous clinical surveys have mainly originated from the U.S. Veterans Administration which deals almost exclusively with male patients and nearly all these cirrhotic patients are alcoholic (Table IV) . Our results suggest that the risk of developing a chronic peptic ulcer is increased in all patients with portal cirrhosis even in the absence of alcoholism. There was no evidence of an increased incidence of peptic ulcer among those of our patients who had had a portacaval anastomosis. The numbers are of course small, but, when combined with previous series (Table V) , there is an overall incidence of 12% in 315 cases; this agrees remarkably well with the incidence we found in our patients with portal cirrhosis without a portacaval anastomosis. Thus, the contention that peptic ulceration is increased after this operation has not been confirmed. The extremely high incidence of peptic ulcer in patients with primary biliary cirrhosis has been commented on elsewhere (Sherlock, 1959) . We did not find a general depression of gastric secretion in patients with hepatic cirrhosis as was observed by Ostrow et al. (1960) and Bendett et al. (1963) . This difference might be explained by the fact that the patients in these two series were alcoholics who are liable to develop gastritis (Palmer, 1954) which is known to be associated with depressed gastric secretion (Bock et al., 1963 The experiments in dogs suggest that the altered gastric secretion is due to failure of the liver to inactivate a gastric secretogogue of intestinal origin (Clarke et al., 1959b; Kohatsu, Gwaltney, Nagano, and Dragstedt, 1959; Clarke, 1960) . Irvine, Duthie, and Waton (1959) suggested that this secretogogue might be histamine derived from the bacterial decarboxylation of dietary histidine, but the failure of oral neomycin to alter the gastric secretory response both of dogs with a portacaval anastomosis (Clarke et al., 1959b) and also one of our patients, makes this suggestion unlikely.
Although the abnormal gastric secretory changes are seen after a portacaval anastomosis, it must be remembered that the incidence of peptic ulcer is just as high in patients with hepatic cirrhosis who have not had this operation so that it is extremely difficult to know whether they are of importance in the genesis of peptic ulcers. A more likely explanation is that the normal mucosal mechanism which prevents the formation of peptic ulcers and seems to be more largely developed in women than men is deranged in liver disease. The high incidence of peptic ulcer in patients with hepatic cirrhosis makes it mandatory to exclude this as a cause of gastrointestinal haemorrhage in such patients.
